INTRODUCTION
The ongoing dispersal of exotic species and the general rearrangement of species geographical distribution are an increasing worldwide phenomenon and currently the most striking biological outcome of global changes (Vitousek et al. 1996) . In particular, the recent breaching of biogeographic barriers is allowing the mixing of formerly separate biotas, with unpredictable consequences for ecosystems functioning and evolutionary pathways (Sax et al. 2005) .
Following the opening of the Suez Canal in 1869, a migration of marine organisms, termed Lessepsian migrants (after the Canal engineer Ferdinand de Lesseps), started a process of invasion from the Red Sea into the Mediterranean, resulting in ecological impacts on indigenous Mediterranean species. For example, Lessepsian fishes now comprise 65 species (Golani 2006) . In general, the specific dynamics of biological invasions are poorly known, yet, in this case, the situation presents some definite advantages for scientists. The date of the opening of the invasion route is known, and the geographical source of the invaders is also known, at least in general terms, as the Red Sea region. Thus, theoretical predictions seemed fairly simple. Some individuals from the Red Sea would enter the Mediterranean via the Suez Canal and would later expand into the wide-open ecological niches. This situation would predict a probable genetic bottleneck due to an invading subsample of the original populations, followed by a fast range expansion, a pattern that is consistent with other documented invasions (Sax et al. 2005) . However, in contrast to this prediction, Red Sea and invasive Mediterranean populations displayed a high genetic similarity and no evidence of genetic bottleneck (Golani & Ritte 1999; Bucciarelli et al. 2002; Hassan et al. 2003; Hassan & Bonhomme 2005; Azzurro et al. 2006) . Data showed that colonization had occurred by a large number of individuals or by multiple colonization events, or a combination of both. Importantly, all these studies were conducted decades or even more than a century after the invasion of a particular species, thus raising the question of methodological biases.
The situation of the bluespotted cornetfish, Fistularia commersonii, is quite different. This species, which is naturally distributed broadly in the Indo-Pacific, was first recorded in the Mediterranean near Ashdod, Israel in January 2000 (Golani 2000) . Since then, it has rapidly spread to the southern shores of Italy (Azzurro et al. 2004 ) and later to Sardinia (Pais et al. 2007) , the furthest a Lessepsian fish migrant has ever been recorded.
The exact beginning of colonization of a particular Lessepsian migrant is often difficult to determine. However, in the case of a species with a conspicuous external appearance such as F. commersonii, a relatively large and elongated fish (figure 1), it is very likely that they were discovered a very short time after arrival to the new region.
The goal of this work was to capitalize on the very recent invading event by determining whether this unusually successful invasion followed the original predictions of bottleneck and fast range expansion, without incurring the potential temporal bias described above. We based our study on mitochondrial control region sequences from individuals collected from the Pacific, the Indian Ocean, the Red Sea and populations from the Mediterranean that covered the complete range of invasion.
MATERIAL AND METHODS
(a) Sample collections and DNA extractions Samples were collected by spear, hand nets or beach seines in localities described in table 1 and figure 1. Muscle tissue was preserved in 95% ethanol at ambient temperature and DNA was extracted following standard protocols (Sambrook et al. 1989 ).
(b) PCR amplifications, sequencing and phylogenetic analyses Amplification of the 5 0 hypervariable portion of the mitochondrial control region (also called D-loop) and sequencing followed previously described protocols (Azzurro et al. 2006) . Number of haplotypes and haplotype diversity were calculated using the software package DNAsp (Rozas et al. 2003) . Phylogenetic relationships were inferred using the neighbour-joining method implemented by PAUP (Swofford 1998) , as well as a likelihood Bayesian approach implemented by MRBAYES (Huelsenbeck & Ronquist 2001) . Statistical confidence in nodes was evaluated using 2000 non-parametric bootstrap replicates ( Felsenstein 1985) . figure 2 . Almost all individuals collected from the natural range of the species were genetically distinct from each other (49 individuals, 46 haplotypes, haplotype diversity 0.997, nucleotide diversity 0.0534; table 1). There was, however, no obvious structure between Red Sea and Indian Ocean/Pacific individuals (figure 2). In contrast, only two haplotypes were observed in the Mediterranean (haplotype diversity 0.009, nucleotide diversity 0.0098). The decrease in genetic diversity between the natural range and the Mediterranean was found to be highly significant (c 2 -test, p!0.001), and it indicates a clear signature of genetic bottleneck and rapid range expansion, which occurred within the past 5 years.
The two Mediterranean haplotypes were carried by 45 individuals represented in all populations, and seven individuals from Lampedusa (five) and Rhodes (two). Considering the low frequency of this haplotype, the fact that it was not recovered from other Mediterranean populations was not found to be statistically significant (c 2 , pO0.0.5). Golani et al. (2002) claimed that the traverse of the Suez Canal has a strong stochastic component. EIL14  EIL13  MAL1  EIL27  MAL2  EIL11  MAL4  EIL23  MOO2  EIL2  EIL10  EIL15  EIL20  EIL26  SEY1  EIL25  EIL4  EIL21  EIL16  EIL19  EIL22  MAL5  MAL7  MAL12  MAL8  MAL14  MAL9  MAL6  MAL13  MAL10  MAL11  EIL1  EIL12  EIL18 Successful marine biological invasions D. Golani et al. 543 populations of the bluespotted cornetfish clearly illustrates this point. While F. commersonii took 130 years to cross the length of the Canal, it took only 2 years to disperse westward and reach Italy. The species is now well established in the Mediterranean with the common presence of both juvenile and adult individuals. Considering the dates of collection and locations of our samples, it seems probable that the Mediterranean populations of bluespotted cornetfish represent a single invasion event by as few as two females. There is no particular reason to think that a disproportionately large number of males would have accompanied that invasion, although nuclear markers, such as microsatellites, would be necessary to settle that question.
DISCUSSION
Our study underscores a well-known dilemma in invasion biology, where bottlenecked populations with typically low evolutionary potential and perhaps low reproductive fitness can still become successful in their new environment. High migration rates, where repeated introductions occur to overcome low genetic diversity and inbreeding, have been proposed as a potential solution to this dilemma ( Frankham 2005) , but, apparently, this is not the case for F. commersonii. Our findings reaffirm the difficulty of predicting the potential for invasion success and adaptation of a new invader on the basis of its genetic diversity.
In addition, the rapid dispersal of F. commersonii raises some as yet unanswered questions. Dispersal is likely to be accomplished primarily by larvae, which are known to grow relatively large before settlement (transformation at 60 mm; Watson & Sandknop 1996) . Water circulation in the eastern Mediterranean basin is well documented (Hamad et al. 2006) and could explain such rapid dispersal, even if the larval period (which in this case is unknown) is relatively short. Yet, the underlying mechanisms that promoted the dispersal and the successful establishment of this tropical fish remain to be determined. While there is a lack of any recent dramatic temperature increase in the Eastern Mediterranean that could specifically account for this rapid dispersal, other studies point towards the overall warming of the Mediterranean (Perry et al. 2005; Bianchi 2007 ). Thus, a combination of abiotic and ecological factors, such as high niche opportunities (Shea & Chesson 2002) and/ or a particular pre-adaptation, allowed the bluespotted cornetfish to succeed in its new environment.
While previous studies on Lessepsian migrants showed a surprising lack of bottlenecks, the case of F. commersonii provided an opportunity to study the earliest stages of biological invasion in the Mediterranean. As predicted, this invasion resulted from the success of very few individuals. In recent years, more tropical species have successfully invaded the Eastern Mediterranean (Akyol et al. 2005; Bariche & Saad 2005) . By closely monitoring their advances, we will be able to replicate this study and determine if the results obtained with the bluespotted cornetfish correspond to a general pattern of Lessepsian invasions.
